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records is, perhaps, significant. At  an^ rate, the exist- 
ence of the residual clue to the apparelit value of T must 
be considered in any such comparison a.s this. Only 
when the value of T is zero does the residual disappear. 
In  the computation of risk! however, it  is better to assume 
that there is no negative correlatioii between the date of 
last killing frost in Spring and first killing frost in Ftdl, as 
this gives a sinall margin of safety. 

SIQNIFICAXCE OF THE CHARTS. 

The liniitiii dates of the season with any otlicr chalice 

sideration of the agricultural conditions ulid of the plant- 
ing dates of grain crops leads to the belief thata tnlie risk of 
frost clamage may reasonably be carried when the cliaiice 
of killing frost falls to 1 in 10 and that crops should gen- 
erally be hwvested before the chance of killbig frost in 
Fall has risen much above that ratio. If thcse tlntes are 
observed, the available growing season is that which may 
be espected to occur in about four-fifths of the years. 
That is- 

P ,  = 0.90 
Pa = 0.90 

P’ = 0. S 1  or about 415. 

of safety may f e det.ermined in the same iiiatiiier. A con- 

0.9oxo. 90 = P’ 

Tho results are, of course, the same if it  be assumed 
that a season free from killing frost in about four years in  
five is required for successful agriculture. 

Here 

but 

then 

P’=O.80 

p’ pz 

PZ= 0.80 

P =O.S94 
p =Jo.so 

=9/10 (appros.) 
therefore 

P, = 9/10 
Pa = 9/10 

Tlie maps presented as figures 3,4 ,  and 5 (charts XLIV- 
121 to 123) are intended to supplemriit rathcr than to 
supersede the maps showing average conditions. Thp 
usual maps of avera e conditions will continue to be more 

the dates after or beforc wliich the chance of frost is 112 
and the length of the season avnilnble in 1/4 of the years, 
because many more datit ttrc available for their construc- 
tion. The new charts presented with this paper nttcnipt 
to furnish information about more closely cnlculiited 
eriods, by means of which the degree of certnintv of 

freedom from frost may be better calculated and farm 
practice accordingly bettcr nditpted to the natural condi- 

accurate for tlie in B ornintion they ttre able to give, viz, 

tions of the region. In general it appears that the chance 
of killing frost falls to 10 er cent be.tween 10 and 30 days 

in the Fnll the corresponding difference is about the same. 
In  gcnw;tl :my station has n dispersion in Spring similar 
to that, in Fall (i. e., us and ua are nearly equal). 

In  the attcmpt to use any generulizecl maps of frost 
condi tions n.llowance must be riincle for locd vorintions. 
Any ma. )s of the United Stntes as a whole on the scales 
pmcticaklc for this I c E ~ E M ~ ,  c:m show only tlie general 
conditions O V C ~  wide weas. Within these nrens the more 
fnrorcd plnccs will be much ltw subject to  frosts nncl will 
have much longcr nvnilable growing seasons than those 
intlicntecl by the m:ip, while tlic less fnvorccl spots will 
haw 1ri.tm spring m d  earlier fall frosts with rrsultiiia 
sliorter growing ocasons. ~ l i c  clinnce of killing frost or o? 
ti frost-free scatsoii of nny givcn lengt,Ii for a station may 
be clctermined, from such iiinps as those ncc.oiiipa.nying 
this paper, by applying a correction for local conditions, 
and this correction must be determined for each place. 
Tlie necessity of this locd correction is not limited to 
tliesc dittil but applies with equal force to all imps of 
aversge dates or conditions. 

after the average date o P the last killing frost in Spring; 

CERTAIN CHARACTERISTICS OF T E E  WINDS AT MOUNT 
TAMALPAIS, CAL. 

By HERBERT H. WRIQHT, Aasistant Observer. 

[Dated: Weather I3uresi1, Mount Tamlpais, Cal., July 1?,1RlG.] 

Mount Tamnlpais, Cd., while on1 about 2,600 feet 

country tlmt it is speci:dly adapted for securing win 
data. Topogrnphy litis little or no effect 011 the direc- 
tions or velocities recorded. 

In Tnblc 1 will be found tlie prevailing wind directions 
for the months nnd for the year ;it Mount Tniiinlpais, 
coniyuted for the 13 yenm 1599 to  1911, inclusive. The 
persistency of the northwest wind nloiig this cosst is quite 
ninrkcd, ns this table shows. As lowcr lrvrls :ire rcsched 
there is n tendency for tlic wind to  Mow more from the 
west, specially during tho summer. In  winter, nt senlevel, 
the prevailing direction for i l  few inoritlis is southerly. 

TABLE 1 .-Prevailing wi7rd direelions at Mounl Tanidpais, 1899-1911 
iiicl uaive . 

8 above settlevrl, rises so abruptly from t s io low, surroundin 

-- ____ 

Tlie southeast winds a t  Mount. Tamlzlpais during Janu- 
ary we due to the fact that it is midwinter, the period of 
greatest storm frequency, niicl tlic LOWS follow each other 
in such rnpid succlwion t1in.t the winds prrvalen t during 
fair menther linve little influence in determining the pre- 
vailing direction at this scason. 
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TABLE 3.-Aoerage hourly wind velocities at Mount Tamalpais, Cal. (2,604 feet), 1899-1911, inelusive. 
[Miles per hour for the hour ending -1 
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22.2 
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1Y.S 
14.0 
11.5 
111.1 

15.1; 
17.5 
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12.1 

10 
-- 

l Y . O  
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15.9 
12.9 
1l.ti 
11.0 
9.4 
<.; 

14.3 
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1Y.5 

13.b 

10.4 

20.4 
21.2 
21.u 
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23.1 
22. IJ 
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1.5.9 
1i.i 
1h.B 
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21.2 91.0 
20.5 20.4 
2U.i 19.4 
21.9 ! 19.3 
?o. 3 i 1s. 1 
18.7 j 14.7 
15. I1 i 13.5 
l i .1 ! 15.7 
lS.5 3.1) 

lanuarv __.. . . . 
Februdry . . . . . 
March ___. . . . . . 
A ril .._. . . .. . 
June _ _ _ _ _ .  .... 
July __.. .. . . . . . 
Algust ... .. ... 
Beptember . . . . 
Octotwr.. ____.  

&.: 

19. 6 
21.4 
2 l .b  
21.5 
2.4.2 
24.1 
20.4 
17.6 
IS. 1 
1s.n 

17.0 
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15.2 
19. I 
16. R 
13.0 
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7.3 

-.. 
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-- 
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111.5 
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i .5 
8.1 
6. 3 
6.6 

8.2 

s. s 
9.s 

11.5 
12.2 
13.0 
11.9 
9.5 
i. U 
6.6 
6.S 

9.3 

10.0 
12.0 
14.0 
15.b 
15.4 
14.6 
1l.S 
8.9 
7.1 
7.1 

11.0 
I 

11.0 
13.3 
15.2 
17.5 
17.7 
16.ti 
13.5 
10.2 
1.6 
7.0 

12.2 

12.1 
14.3 
16.5 
1S.S 
19.3 
13.3 
15.2 
11.4 
8.2 
1.0 

13.2 
___- 

11.2 10.2 
13.0 1 11.5 
13.7 12.4 
12.6 11.3 
10.1 LB 
7.1 6.6 
6.3 6.1 
5.S 5.6 

9.1 
10.1 
10.9 
10.0 
7.9 
6.2 
5.8 
5.6 

A. u. P. 11. 

- 
I I I ! 

- 
2 

20.4 
21.5 
2l.S 
21.8 
24.3 
23.5 
1Y. 5 
1;. 4 
1;. b 1s. 4 
18. Y 
21.1 

20.5 
- 

- 
S 
- 
21. n 
20.0 
1s. 8 
17.4 
16.5 
15.6 
12. 9 
11.0 
13. s 
17. 1 
lS .9  
21. 2 

li.l 
- 

- 
11 
__ 
IS. 0 
IS. 4 

11. I 
10. 
9. I 

h. u 
7. s 
Y. : 

13.1 
15. Il 
1s. 7 

12.7 

14.5 

- 
Y 
- 
l i . O  
14.6 
15.2 
13.1 
14. 6 
11.4 
H. 6 
9.0 

10.4 
12. 6 
14. 6 
17.1 

13.1 
- 

5 / G ! i  I 3 1 4  
__ 
XI. G ' 20. x 
21.3 21.4 
21.3 I 21.2 
21.7 I 21.5 
24.3 I S . 9  
2. * I 22. s 
l<l.' ! 1S.S 
17.2 I 1ti.b 
17. ti , 1;. 1; 
IS.:: lS.4 
19.U i 19.2 

20.4 i 20.3 
I 

".O i 'l.' 

4 - 
1;. 6 
15. 5 
16.4 
15.0 
1G. 9 
IS. 8 
10.5 
10.8 
12.2 
14.2 
14.9 
17. S 
14.6 
- 

- 
20.2 
2u. 4 
m. 4 
21.2 
24. s 
21. s 
1;. H 
17.3 
18.1 
1s. 0 
13.0 
20.2 

19.8 
- 

19.7 
18.9 1s. 9 1s. 3 
20. U 
18.3 
15.1 
14.0 
15.2 
1G. 4 
17.5 
19.9 

1;. 7 

21.3 
' 

2U.9 
21.5 21.3 
21.9 21.7 
23.0 22.3 
25.6 24.8 
25.2 X i  

19.G 18.6 
19.s 1s.9 
17.8 17.8 
19.1 19.0 
20.9 21.0 

21.7 20.9 

21.1 21.1 '1.2 21.6 

22.0 22.0 
23.4 23.6 
2;. 1 26.4 
25.4 25.4 
20.8 21.9 
19.s 20.1 
20.1 20.2 
1S.G lbl  

20.0 19 D 18.4 
~- I . - I  21.1 121.6 I 21.5 121.4 131.0 I 

TABLE 3.--4rern!lr hoicrly irind idoe i l ie~  ut .$mi Francisco, Gal. (220 feet), 1899-1911, inclitsire. 
[Miles pel how for the hour ending -1 - 

Ilean. 
A .  31. P. Y. 

.. . .- 

I 

- 
7.4 
s. v 

11.5 
13. S 
15.5 
1% 1 
18. Y 
li.5 
14.5 
10.4 
7. s 
6.1 

12.5 
__ 

- 
4 

_- 
6.4 
5.7 
6.6 
6.3 

x. 2 
i. S 
li. 0 
-5. 2 
5.3 
5. G 

6.5 

2. y, 
I .  I 

- 

- 
5 

6.4 
5. 6 
G. 4 
G. 1 
1;. lj 
7.5 
7. S 
i. 4 
5. I; 
4.9 
5.' 
5.7 

6.3 
__ 

-. 

6 
-. 

7.7 
9.3 

12.4 
14. S 
lti.6 
19.2 
2@. I 
18.7 
16.2 
11.9 s. 5 
6.5 

13.5 
- 

.. . 

.i 

- 
7.1 s. 2 

10.5 
12.5 
14.3 
11;. 4 
17.0 
15.7 
12. s 
9.0 
7. 3 
5.9 

11.4 

- 
3 
- 
G. 4 
5.7 
6. 8 

I .  2 
8.3 
8. li  
s. 1 
ti. 4 
5.3 
5.3 
5. 6 

6.7 

2. 7 

.- 

- 
6 
- 
e. 4 

6. n 

a. B 
6. ti 

t;. 2 
i. 1 
i. 5 
5.2 
5.4 
4. 7 
5.2 
6. i 

0.1 
- 

- 
5 
- 
i. 9 
9.15 

12.7 
15.3 
17. 1 
19.7 
20.8 
19.6 
16.7 
12.6 
s. s 
6.7 

13. S 

-. - 
9 
- 

8.9 
7. 
s. 1 

11.1 
12. i 
14.9 
15.3 
14.0 
11.4 
8.0 
6.7 
5.8 

10.2 

. I  I 
- 8  , : s  

. 

i.! 7.2 5." 5.5 
4.9 5.2 
5.3 5.5 
5.7 5.9 

6.2 6.4 
-- 

9 
- 
6.9 
6.4 
7. 1 
i. 2 
7.0 
7. S 
7. s 
7.5 
5. s 
5.6 
5.7 
6.3 

6. s 
- 

4 
- 
ao 
9.5 

12. s 
15.3 
17. 1 
19.4 
20.4 
19.3 
16.4 
12. s. 1 

G. 9 

13. S 

7.1 
7.2 
8.8 
9. 8 

12.4 
12.8 
12.0 
0.1 
7.5 
6.5 
6.1 

9.2 

in. 9 

--_ 
9.31 8.51 7.8 

According to soiiie authorities, wind velocities a t  low 
levels are greatest during the day, decrease tow-ard night- 
fall, and approach a cnlni cluriii the middle of the night. 
This order is esnctly reveisef on Mount Tamalpais. 
Table 2, giving the a.verage hourly velocities, froiii 13 
years record, 1699 to 191 1, inclusive, shows a niininium 
velocity near noon. The corres oiicliiig maximum does 
not occur until about 9 i. ni. &is is shown in raphic 

tion are c.ompared graphically with similar data for San 
Francisco. 

The rapidity with which the velocity clecrerses towa.rd 
midday at the upper sba.tion is shown in market1 contrast 
to the rapid rise in velocitv at  t,he lower. Great,er con- 
trasts, of course, would be found in the daily records ns a 
drop within an hour froiii 50 iiiis./hr. to 10 niis./hr. is not 
unconinion at, this stmation. 

The high winds esperimced on Mount Tanial ais are, 

the automatic register save xurinp esce ,tionnUp hiah 

Robinson anenioinetor in iresen ts general use in the 

estreme velocities. Est,renie velocities of 140 niis./hr. 
have been recorded a t  Mount Tamalpais, however, and 
it is probable that could the individual sts be measured 

Rcldoris bctcecn. wind tdoi°City nnc7 ttvnpQratu.re.-At 
lower levels there seems to be a direct relationship be- 
tween the time of niasimum temperature and innsiniuiii 
wind velocity, both occurring at  or near the same time. 
No such relationship esist,s at  this elevation nor does 
there seem to be any definite connection between the two 
elements in that respect. The reverse condition, how- 

forni in figure 1, where t 1 ie average velocities at t B iis sta- 

as a rule, quite gusty. These wst,s are seldom s f iown on 

winds because encli gust is of so short d uration. Trie 

Weather Bureau records t ! ie avera.Ge rather thitn the 

accurately much higher velocities woulc Fl be found. 

ever, is niore nearly the case, for the masinium tempera- 
ture OCCUI'S 011 the average at  3 p. 111. which is about two 
hours after the niinimuni wind velocity. The minimum 
tern erature, though, conies near 6 a. ni., a t h e  when 
wini velocities are still high. It thus appears that no 

P.M. MILE5 B 
FER A.M. 2 
"""I 2 3 4 5 6 7 8 9 10IIl21 
22 
21 
%D 
19 
!8 
17 
1 t. 

l[i 
1 4 
13 
12 
1 1  
10 
9 
8 
7 
6 
5 

2 3 4 5 6 7 8 9 1 0 1 1 1 2 1  

FIG. 1.-Hourly march of average,wind velocities at Mount Tamalp& (2,604 feet) and 
at son Francisco. cal. (210 leet). (1899-1911) 

definite relationship exists a t  this level between tempem 
ture and wind velocit . 

The decrease in ve 3 ocity during the middle of the day 
on the mountain is doubtless due to temperature. The 
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decrease is most marked during the warmer half-year, the 
season when convection is greatest. The air over the 
interior valleys becomes warmed under the intense inso- 
lation and expands upward, causing a sli4ht pressure 
gradient which increases with elevation. I h e  air then 
starts to flow down this gradient toward the ocean nncl 
the cool air over the ocean flows landward to replace the 
warmed air flowing off aloft (figs. 3 and 3). At ni-lit, the 
air over the ocean is warmer than that over tee land 
owing to the more rapid radiation of the land surface, and 
the reverse action tnlces place, a landward breeze aloft 
and a seaward breeze below. This is the theory of the 
origin of the land and sea breeze.' 

Mount Tamalpais probably penetrates the lower part of 
the transition zone between this seaward upper wind and 

the landward lower current. 
Therefore light variable winds 
would be espected during the 
tinie these convection-caused 
currents are operating. 

From observstions of c h u t l  
niovtmient, this upper senw\.urtl 
current is believed to blow from 
the northeast. Clouds are sel- 

-___ 

doni recorded ns moving froin 
breeze conditions (sandstriim). eFsterly . .  c411arte~, but when FIG. 2.--Actual circul~tion under sea- 

they are the direction is almost 
always from the northeast. This freedom from clouds in 
this air current is probnbly clue to adiabatic heatin-. 

The decrease in velocit,y a t  this elevation is simu?tane- 
ous with the beginning of convection in the interior vd-  
leys, i. e., about 9 a. ni. It is thought, then, that the 
outflowin air aloft, descending as it progress, ton& to 

clochwise direction, since during the middle of the day 
north and northeast winds are often recorded. This 
easterly wind flowing seaward a t  hi-h altitudes, if it  is 
not always strong. enough to cause a cyiange in the. rcgular 
wind direction, will at least interfere and cause a decrease 
in velocity. In  the middle of the afternoon, when con- 
vection in the interior valleys is decreasing, the wind ve- 
locity a t  this station begins 
again to increase; it reaches a 
maximum durin the night 

landward and woulcl tend to 
increase velocities, and this is 
in exact agreement with the 
observed facts. 

On rare occasions a north- 

cause a c 7 iange in the wind clirection a t  this level in a 

when the air alo f t is moving 

- -  

/ east velocity of from 30 to 60 
niiles hour is recorded' It FIG. 3.-Cireulntion of D land-breeze 
is belieTed, however, t h a t  (Sandstrom). 
these hi h northeast winds are 

vection, because the occur usually during the cooler part 
of the year. This gelief is further strengthened by the 
fact that the drift of smoke over the surrounding towns 
and cities shows the northeast trend ofthe wind to extend 
down to sealevel. 

Sonie idea of the height to which the seabreeze est,ends 
along the co:ist in this vicinity ctin be gained froin oh- 
serva tions nizi de on Mount Tnmalpnis during periods 
when fog is revnlent over ndjncent lowlands m c l  over 

in summer. Tho estimated averiige ieight of the sen- 
breeze in this vicinity is between 800 and 1,000 feet, 
assuming that i t  does not extend above the upper limits 

the resu 7 t of pressure distribution rather than local con- 

7 the ocean, a ? requent condition durin estended periods 

: S a n d s t r h ,  in Bull., Yt. Weather O k y . ,  1912, 5: 90, Ik. 

of tlie fog. This seems probable, since the nmin cause of 
fog dong tsliis coast is believed to be the misture of air 
ni:isses hnving different teniperii.tureu and relative hu- 
niidit#ies. There is 110 reason to believe that this mixture 
does not est,eiicl to the upper liniits of the moisture- 
be:i.ring wind. 

ho t l i e r  fact tlint semis to strengthen tlie belief that 
the se::breeze does not estcncl to this !eve1 is. the differ- 
ence in time between the beginning of the wind zit sea- 
!eve1 ii.nd the begitining iit this elevation. In the former 
case the time is the micldia id t h  forenoon, while it is 
ret:irdeil uiit.ii the inidd!e of the afternoon in the liitter. 
Tlie conwrse ~voulrl he espect,ccl, since the surftire wind 
cnco\lnt,er:j iiiore friction, which wouicl tend to retard it 
:~nd cnuse it to lag behind the wind t r t  somewhat higher 
levels. 

Stili nnotlier nrgument. in favor of this h potliesis is 

tion when tlie wind ii: northwest. For esiiniple, the case 
of dune 13, 1916, :Lt, 5 A .  i n . ,  c:in be cit,eil. Fog covered tlie 
en tire siirrouncling couiit~~y h!im t.hc st:] t.ion. The wind 
Iicre w:i.s light northivest, the teiiiperat*iire 68.5'F., 15 to 
20 degrees w~rnier  thnii the aiir :i.t senlevel, nnd the reln- 
t.ive humidity hut 5 per cent. To produce si1 turntion, 
this :iir would have 1iiiil to he cooled t,o 0' P. Were this 
wind n. true seabreeze coining off the ocem, the relnt,ive 
1iumidit.y coulcl not be so low, nor would the temperature 
be so hi& I t  seems more likely th:itr it, wns part of the 
upper se;iw;ird current., after it h;d begun to descend and 
stnrt Iandw-nrcl. Mount Tnm:ilpais. h i n g  so iiem the 
o c e m  nncl relntive!y high, would not be n g e n t  distance 
from this turning point. This, too, would esplnin tlie 
a.noni;110us, vertical tenipera hire distribution. 

the low rel;i tive liuniiclit~y sonietinies recvrdec 9 a t  this stn- 

RAINFALL ON DAYS WITH AIR TEMPERATURE BELOW THE 
FREEZING POINT.' 

By S. TAKAYAMA. 

(-4 bstraet.) 

VTlien the ilir temperature near t.lie eart.h's surface is 
below t,lie freezing point [O'C!.] precipitation generally 
takes t,lie form of snow. But, t.lie.re are ninny inst:inces of 
klie faliing of ordinary rnindrops in the hours during 
which the mercury st:iiids f:ir below the freezing point,. 
The author hiis picked out 30 cmes in all froni the me- 
teoroiogicn 1 registers kept ii t the niet,eorologicnl observn- 
t.ories :it H:dcocl:i.t.e, S.ip1)o~o. nncl  Nemnko for the 15 
yeiirs from I S r J i  to 1912. In the hrge majority of the 
&ses nir tempem t.iu'e w;is rnngiiip between Oo nncl  - 2°C. 
There wero t.lirce c.ise:r; in which the tc.iiipera.ture WRS 
be!om - 5'C. In one in.;t:!nce it w:is iis low ns - 7.S"C. 

Tlie henoiiieiion under consideration occurs iiiostly in 
the e>ir f y morning or a t  night, :md is rarely observed in 
the d:iytime. Its  dim tion i;: niostJy  le.^ than 30 minutes, 
and tlie :11n01111 t r ed ie s  scarce1 7 n millimeter. [In Jnpnn] 

gales from the east. 
In the 36 c:i.ses referred [ t . ~ ]  ;:bore, S cases were pre- 

ceded by snow, 2 Cil.Hes by soft, hnil [grmpe!]? iind 7 cases 
by sleet, [frozen rain drops'!]. In t,wo ewes it occurred 
with fog+. In the reniaining 14 ewes it was raining from 
bewinning t.o end. 

Xccordinp to the author t,here mo two causes of this 
n.bnorninl phenomenon. In most ciises it may be ex- 
plnined by ~ssuiiiing the esistence of the inversion in the 

this phenoiiienon occurs most 1 y with strong winds or 

__ 
1 Rcprintedjrom Journal, Yet'l. SOC. Japan, January, l9lG. 35:37-8. 


